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.,
R. 0. Anderson, R. P. Shurmr, E. A. Ruse

I AMAlaruos Nsuiorml Idbnrnlnry
Lus Alnrnos, Ncw Mexi~w

Ilw Aurnra fncilily m Lus Aliunns Nalionrd Lnhwalory uses KrF
cxcinwr lasersIn [lrLUklLt Z. Illmu Ii#Ill for inerlinl mmfinrnwnl fusinrr
npplicmions. I)iudcs in rach runplilicr produce rrkrlivislic clrchtm
lmuns m pump n Kr-l:-Ar grrsmixmm. A foil is nrcrswu-ytu scparwc
Ihc vacuum diudr from the laser gusm

‘1li$h trnsile xwrnglh, highrlccwon Iriumnissinn, low ullraviolrl rrflcL!-
![iw[y, uml chcnliwd compmibility with fiunrinc huw been idcn[ll;cd os
,rrquisile foil prupcnics. Sevcrnl differenl mnrrrinls were squired rural
Icslrd fur use usdid foils, ‘Wuwmissinrr and fluorine tuqmlibilily
/leYtswrrr prrfurrml using Ihr Elcrwun Gun Tcsl Fncilily (I:U’IT) at
;Los Ahunus. OIf-line Icm d lcnsile smcngthand rclklivi[y wm
,prrfmnd.

I
1
Ililunirrm foil, which is L’UIIUIMUI]V u?wdus a dindr foil. w’ntifuund 10
I cncrmc sulid and gnaruut fluurfde cumpuuruls, mmc of which uc

1

ighly rractive in conmcl with waler vnpor.

!,.
11Ills work WM miprxwmlhy ilrr 1.(ISAhunus Nuiiunrrl Laborntury nnd
Ihe U, S. Ucparmrm of knergy under cunmnclW-7405-I! NU-36,

I
“[’heAurmr fnuilily 1I 1, 12; ru lms Alunws Noliwrl Ldtoramry uses
Krl: cxcimr Iirwrs m prmlucr 21111mn light fur inrrliul cnnfinenwnl
fusion irppll.nlions. The finnl mnplifiir is u 10 kJ UIUSSdcvicr. CHIC
Iur c amplifiers nl Aurora huve qunrr InscrIWIIUIqerlurrs 20,40, ml

d1( cm on n side, ‘IIICY arc pmnpcd wilh rrlnlivislir clcclnrm hems
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(MU 10 7(X2kV, 650 ns pulw Icng[tw). “1’hisnw~hodof pumping the
gas nvoids Ihc nununifnrmilics inlrrrrm with Iqw, rlrdric dmchnr c

rlasers. I lnwcvcr, n foil is rrquircd w ncl iIs a bmricr betwrcrr t E
vrwuum of Ihc clrclrnn brnm prdcing diode and he gusof he laser
cavily, Iypicnlly al MM 10WI Tom pressure.

The dituk foil must have scvmrl prupcrtics m be cumpwiblc wi[h i[s
usr in a Krl: cxcimcr Iasrr. We have idcnlificd unrl&gun pclhnhuy
sludicson four prnpcrlics: high [rrmile swcngth.high rlrtwun Irnnmnis.
siun, fluorine ~w~pu[ihility, and Iuw rrhravioknl rcflcctivily. Kach
prrqmy is discussedIn its own xtckrn below.

Our rrsrarch inlu diuds fuils is purl of an cffurl 10 imfwovc upurrthe
efficiency of Iransporl of k clrcumns frnrn Ihc diadr hnu M Iascrgas.
All of the Iargc am Iiilcrs uf Aurura require a fuil suppommruclum,

1cmmnunly rrfcrrr 10 as a “hibachi.” lllis slruclurc inlcrsccls s
flaclion of ihc clccuwns nrwlprcvrnla il from unqring Ihc Insrr as.

[ 1We hnvc dclc~mined Ihnt dse reduction of t Is slruclure wnul bC
brnckin’, qmcifically mluuing dw dcplh nndcounl of ribs. A rcduc-
[ion in i ib count rcquucs higher sm’rglh fuils Ihnn those uuw ficldrd
IL} s Ian he Irrr#cr grips khvrru ribs [31, ‘Ilw ullinmtc ndvaIK% in

dfui lib:whi deal n in 11-Lcelimination nf the hibnchi In favur of a single
Fsrlf-supporting ml which spansIhc full diode npcrlurc.

I’ublc I Iisis drc foil fypcs Icsmtl.

A high Imunlc smcu III foil Is rrquimd In willurland IIW prcasurc
Ldiffcrcnllal bchvrcn I ~us In Ihr Inscrcavity and the vscuum In [he

diode, Iy id tiMJ Iu Y(M)Tnrrm‘Ilk foil musl nlso he nblr 10su~ivc
HIhc shut Inw mg cmusrdby the rapidly hcnlcd gas Inuwrlhucly ful-

Iowinr drr clrmuu-tmm pumping, “1’hmMcssurcnsc in I picnlly 4(MJ
I {ym (4R)-IM. A furlhcr mluiicnrnl is Ihrrl1rc foil nut bows @lcnnll .

The nllowml trowing dislruww is Iyplcally n fcw ccnllnwlcrs and s
highly diotk xprclllc,

‘1’cnxilr shvnglh Is n nrrrunuc uI’ Ihc ullitnnlr sucn~lh n mrurrinl will
willmlarul umlrr trtmitm hrinrr II Iraclutrs. “ihr nnxlulus nf clnwlclly
tlclrtminrs Ihc anttnml uf pl:lsllc dcfornmlilrn a tnh:crlrrl will rx
pmirnt r undrr n hrud.Thr Idmd full WUIIIII hnw n high Icnsik sllrnglh
Imd n high nrmluluaof cluslirlly, (’runhlulr foils wrrr mslcd In a fixlulc
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.c nn)untcd iu sr Ilxlurt in Ilw vucuunl volume sss d)(Iwn in

a nn~k-upof u singlt hilmchi opening, l~tiilmc pressures were recordel

fl~r L’;ICI1 fLSil, 1111(1flm’ ~r@]ed ifl l:i~ll~ I. ]:oilS WL”rC [l’S[Cd US rCCCivCLJl

‘“gurr 2, ‘1’IIc elccnw bCillll piISSCtl lh~oil~h iI R~~gowski coil, [I)c foi!,
UU upcrlurc, :Il}l)ll]tr Rogowski Lwil, riud wus intetieplctl by u Furn(lny

, from [hc fdwicukw. I:OII(IW-llll ICSIS arc VI: IIUICLI for foils exposed !() “11~ With n ~rU@lilC ColhX’h)r. ‘I”he CICCIIIIII bL’;llll INrrClll WtiS llsCusud

wi[h nnd will:om foils. and the nxul[s wcrt compure(l, A mlio of the. iclcu.n.sn lxw nls in dlc presence-of flurxinc-touluining hser gus.

‘1.lw idcd Ioil would [r:lnsmil ull clcclnms inuidcn[ upon ii willl no

energy loss or nngul:u scullrri., g. ‘1’lwn nll Ihc energy of lhc clccmm
pull}p IICJII1 w’l)llk[ bc :Iv;li]ntltr [() Itlr I;IsC1 g;ls flllll ttlc rllll~l- IJf [ht

CICU[r(UIS ;IL’I tlSS [hi” ~JS WOllkl II()[ k’ llL”~rPdC1l. I kWtVCr, ~]CClrOll

IIISS, rnrrgv ltIss, A iln~ulur scmlcring do mhc ld;Icc in ftlils, Our

pl,tgr;ml il;vcslig;llL.d, in ;1 quillil;uivr numncr, IIIC Ir:msmissilw rf-

liL. irnl.y d’ CilllLIiLl:llL! toils Us :1 Iirs[ illlClll[ll il[ discovering foils will!
promise,

II;oils were ch:tr:ulcri M for elcclr(m II :ulslllissilm using [hr lilc~vr(m
;UII Tesl I;:wili[y (l{(;”l”l; ) ill 1.(Is AI; III IL)S. ‘llIc Ii(;’l’l: is cup;lt)le ()[

pltxlucing microsrL”(mf tlur;uitm ck.unm htwms ill [hc 2(N) IO 4(H) kV
~nergy rungc (’urrrn[ drnsily is ~:wiiddc (Irns of mllps pcr squ:lre’
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eurrrnl wilh toil I(I Ihe LXIITrm wilhoui Ii)il wils i:lkcn ns the ligurc of
mrril for etccmrn Irnnsmissi(m of n p:lrticulilr foil. Tllc riuio wns only
n rough nwimurt of Ihr (oil Irnnsmissitm, however, since n porrion of
Ihc SL’;lllLVLd bciull WUS II(II LWlkLWd by lhC l:ilIiUlily CUp.

I
Il;igmc .lshows IIlis’’tigllrct,flllcril ‘forlw;il]lll;l[lslltissioll” forvurious
It)ils.

II IcL’11011 wnnsmissinn figures do II(II, by lhL’IIlsrlvLw, dclcrmiue

whclhcr II Ioil lllUICliill Irunw)lils clcctr(m clfcl tivcly for hrscr fqrs

pulnping. Iinrrgy 11)ssin Ihc Ioil Iilllils I:ullll)illgclfit.icllcy, d ;Illglllilr

sL.:ulcling in Ihr foil limits llIe mnge of IIN” rlrclrons urross the hrsrr
L“nvil y, l[ncr~y loss cdn l= CS[illlil[Ld fronl ‘Ihhlrs [4 I or L.illClllUIL’Lf wilh
J hlonle L’UIh) code, M[dicre sciltlcrin~ ~.iilttlllilt ious [5 I CIII1 hC USCd h)

cslinullc UllgUlilr sL.il[lcring, I.(JW illol!liL” Illllllln.rillld I(NV dcllsily yield

[’oil nut[eriids wiih low rncrgy low und ilnglllilr scmmring.

I
‘(quo Ii bili[ y of IIW foil ~vih lluw inc gus is rsscu[id I’m usc iu [hc Kri:
,xcimcr IilSerS, ‘he tbil IUIISl rcluin ifs intrgrily under rxpmlrc 10

llU(Mtuc ~il$ nl Concclllr:uions 01 Irss Ih:ul I % ul Iuscr (Ipcrming
I]rcfsums, Illld Itll! foil IIIIISI 111S1)1101drgr;dc Gldl”r l!]l’d;oll kmd7d-

IIICIII UIILI Substxlucn[ ul[uck by IIIC rlcctr(m-hc:lnl cxlM)srd Iusrr gus.

h
nothcr quid pro[wrly is IIIuI Ihc Ioil nol grncrrrlc pnxhrm which

il~l iss Iuxcr Ixjisuns or lil[il~k oplicul SXJIUplUICIIIS.

I

hi(l’1’l’ WIN uscd 10 invcstigulc foil pro SCIIirs under Iluorille rr[lnck

!’ii ‘igluc 4). (“lln(iirhle fllih w!rc II IOU IIIL’1 III the sillglc (yst”uill hhilchi
ftlixlure nmnliorwd rslsovc, IIIISI n lrw cell wns nl(wnld nnd fi lcd wilh

~ul W Ton Iuscr gus wixlm of ().5% fluOr~w/V!).5% Urpi)li. ‘Ilw foil
Nils CtLpOWYl I() u 350 kV, (s(H)il~, 2(1 ii CIII rlwvrtm LWUIII. SUI]IplCS
of g:ls wulr withdruwu for nnulysis Iwltwc clrculm hcnm cxplsurc rs:wl
ullrr CVCIy Iivc sh(llh dulin~ [tit I 5 sIN)I run. ‘1’IIC SilllIl}leS WC~
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L“onlmgs t:lcd Ihc I:lsrr girs mixlum. ‘1l;our foils were Ieslcd: 2-mI
limnium, : ml Iitimi.rm wilh l-micron gold cuil!ing, 2-miI litsrrrium
with l-micron coppcrconting, nnd 2-roil Knpton will] l-micron copper
wsting. (Gold mid copper uratil;gs were npplied with a vacuum vrqmr
slcposition Iechniquc, )

lhc resul[s d’ the iuudysis showtd tiuce qumr[ilies 0((T4 in iill sismplm
due 10 fluorinr rcuulion will] hyilrmdxrn snlvcn[s nml grcnses, There
WCK irl$o triICC qmn[i[ics [)1 (_X_)2in 1111silillplcs, which most likely
evdvcd from Ihc clnstomcr o-rings in Ihe test cdl.

AI: I leNe Imcr W:N llSLmdIr-rdclccl p:micul;llus gt’nt!rwd by Ihe foil rrnd
suspended in Ihc hser gns. Collcc[ed pnrticulmes were mmlyzecf wi~h
X ray phcs[cclcclron specwoscopy (XI%).

Timnium foil w i[hout ;I milling g(sll?rillts rr white powder when exposed
w an ekclron ber.rn in [he prrsence of 0,5% lluoriue, Ilw powder is
observed to form m ir su~pensinn in Ihe t’lum-inrjrrrgon gas mixlure.
‘l’he powder COIICCIS(m sm-fuccs :Ind, upon exposure 10 rrir, becomrs n
Air, slicky fluid, When plw-ecl in vucuum, i[ rvlums IU a whi[e, solirJ
furrn, (-)ur hypt)tlmsis is Ihdl l’i02 is virporimd from lhc foil surfnce,
reacls will] IIu[)rinc gm m form ‘l”il:d, und condcmes 10 produce n
powder, V’he liquid. t’(mncd upon rxposurc to ilir, is n hydrated form.
The liquid has been observed 10 etch op[icnl componcms upon which
il wrss smc:md.

I;uils will) low rcllcutivity in IIIC ullrnviolcl urc drsirntde 10 minimi2e

RrF ltiwrnllll)lifier cn,ilics, liigh rtflcclivily krilsacl rrs mirmrsrud

,nrnsilics nnd llll)pl ilied-~~nln lleolls-en)issioll (ASLI) effects wilhirrl

f.sromole Iusin I]lirdes which can compc[e will] Ihe incident laser beam

ffor energy rrn can ulso prr.dncc oplicul cmqroncnl dumuge,

1
!(’:ln(ldnlc foils mrrlcrids wcrt [cstcd ror UV rcfklivily with u ~nry
IMudcl 2300 lloul)lc pnss inllllyzcr (1’igurc 5). Sunlplcs were prcprrrc~

~hy Vilpl)r ~lcposi[ion (~1’ onc micron 01 foil lllil!CriUl 011 a SilpphirC
substrinc. “1’hisdrp~milion lcchniqut’ provided n more urrifonn surfrrcc
qu;ilily Ii)r :111S:mlplrs d illloWN,l dLscoupling of lhc rcllmvivily
llSCilSUKlllClll 110111 Ilw’ prculinrilirs of Iilhlit’nlion uf pilrlicuhlr foils,
l’hc SillllplCS were illmninulcd will) a vilriUhlC wuvclr?nglh, speculnr
light sdmvc ill n doIIl)lr p:lss ronligurnliun Rcflcdivily of mmplrs
wus cunqmxxl will) n cnlibrnld uluminum rcfcrencc 10 get nrr absohue
rclleclivily.

I:igure 6 shows Ihc IrSIIIIS of Ihr rellrclivilv nrcnrmrements, Srsmples
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cvelop Ioils for usr in elecwon-bcnm punlpcd Krl: cxcimcr lrrserx.
everul Techniques have been npplied IU the msk of rJisrgnosing foil
lrenglh, elccm.m Lrummissiors, UV rcfleclivily, nrd fluorine com-
rrtibilily. These [edmiques will be refined in the fuIure 10 genernle

ulu M is more quunlilruive in nrrhrre.

Ve me pnrticrrlnrly intcrcslctl in pm-suing [he tfc~,elopmcrrt of com-
osile foils, which use Iow-ntt)lllic- llltiss, Iligll-lell sile-strellgth grrsphile
ilrers, “1’henbilhy to vapor dcposlI thin Iuyets uf il~lorllle-cotllpntible,
,JwUV rdlcc[nnce me[irls allows n wider dmicc of brrse foil mmerials
rd, in pallicultw, allows continued use of tilanlum foils.

In the short lcrsn, [he crq)irbilitirs of his foil Ilcvrloumcm r!lwrrnn al ●

hcing upplicd m the Aunwn Project. T“imnium foils are bang rrpluced
wilh murc flilorine-collll)nlll)lc” !Il:llrriilk, Mronger foils nre being
r.lcveh)ped 10 allow Nlcinslnlhuion of mom lrnnsnli~sivc hibachi smsc-
Iurm ‘1’his will incrcuxe Ihc elficierwy of clcchwr-berm) pumping of
lhc hrl; cxcinrcr hrscr umpliliers.

In the long [crm, the (oil dcvchqmtcn! prr)grilln will fnciliurtc design of
!hc nrxl gcncrulion of large, el Iicicnl Krl: Iwwrs for incrlird rwlfinc-
nrcnt fusion npplicnlir-ms.

AKlWWkUlUU9

Wr wtwld Iikc IU cxIcnd our n )l)r-ccilllitnl i~}T. Hell nnd J. [Inqdnw ofI(’i.S7, I.os Almiu]s Nil[i{)n:ll .dn)nmwy, I’{wrxpcrinrentrd wll)lxwl on
Ihr I{ IU-II(MI (;UII TCSI I:uuilhy; 11. (hwci:l and hl. Alh)pck t)i (’IX-7,
1.{;sAIIIUNM Nulitmul l.uln)rntf) y, (or ~ils nnnlyxis: P. (M)lIv, 1!. I! UIOI1,
(’. Sndlcr, (’, I h)sfotd, of MS’[’7, 1,os AhuItus Nalional [Arorntory,
for lcl’hni{’ul :jupl~)rl ill Ihv Iulnicnli[m III’ Icsl mnlrliuls; utnl It? T.
Juhnstnl nml( 1,(Jallcgt)s[)f(’1.S ofor thrdmntm rll[l[cri[lls mflcctivily,

lkkIEllui

I I I l,, A, I{os(x.%n. 1, A, Ilmhm, J, hlcl rtd, Al. KmIg, 11, l.. K{)r
Irjw[ltll, hl, l), Ilmr(}ws, ml l’, S. lh)wlin~l, “AuiInn hlulIl kll.)jlmle

1 XII’ I.nwr Sywrm ltINIllypI* Ii)r Inrllinl ( ‘(mlimmcnl l;udlm,”
I’usitm “1’rthntlh)}:y, I 1, 4{)) (IUW)O
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